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© Generation of specific probes for target nucleotide sequences. 



© A method for generating DNA probes specific for an organism and capable of distinguishing in a non- 
empirical manner between species. The method comprises amplifying, using a pair of oligonucleotide primers, a 
variable region of the genome of a number of phylogenetically related organisms to. or of a number of 
organisms suspected of being present in a given sample containing, said organism to be identified and having 
said variable region in its genome, at least one of said primers corresponding to a DNA sequence known or 
suspected of being conserved in said organisms, determining the sequence of the amplified region, selecting 
Wsaid sequence or a portion thereof to generate said probe specific for said organism to be identified by 
^comparison with said other amplified regions and defining the hybridization conditions required to obtain a 
^specific signal based on the precise nucleotide sequence of the selected probe. Specific probes are disclosed 
TOfor a variety of species including Aeromonas hydrophila. Aeromonas satmonicida. Clostridium difficile, Mycobac- 
^terium bovis. Mycobacterium tuberculosis and Salmonella typhimurium . 
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GENERATION OF SPECIFIC PROBES FOR TARGET NUCLEOTIDE SEQUENCES 



This invention relates to a method for generating DNA probes specific for an organism and capable of 
distinguishing between genera and species in a non-empiricaJ manner. 

There are many situations where the identification of an organism in a sample is important. This is true 
in the analysis of clinical, veterinary, food and environmental samples. Currently it is possible to carry out 

5 such identification either by classical microbiological methods (where growth characteristics and/or bio- 
chemical parameters are monitored), by immunodiagnostic methods or by DNA-based methods. 

DNA probes have been used for the identification of organisms as described for example in WO 
89/06704 and U.S. Patent No. 4.851,330. Many such probes derive from the observation (see Woese, 
Scientific American 244 (6) 1981 for review) that parts of the 16S and 23S ribosomal RNA (rRNA) 

w sequences vary in different species. This information was used initially for phylogenetic analyses but it has 
more recently been used for DNA probe-based methods for the identification of organisms. The method by 
which the rRNA sequences which are characteristic of an organism were obtained depended initially on 
differential hybridization experiments in which the target DNA gave a positive signal and the organism from 
which it was required to be distinguished gave a negative signal or by procedures using hybridization 

is experiments carried out in liquid in which sequences common to be both species are eliminated and 
sequences (which may be anonymous) which are unique to the organism of interest are retained. A final 
category of target sequences for DNA probes are regions of the genome which code for some antigen or 
biochemical product characteristic of the organism. 

In all cases the success of the DNA probe depends on its ability to detect a target sequence in the 

20 organism of interest while it fails to hybridize to a panel of other organisms that are either closely related to 
the organism of interest or are likely to occur in the sample under study. Hybridization of a probe to target 
DNA depends on the DNA sequence and on the hybridization conditions used. There are well established 
guidelines for the selection of conditions which will allow DNA probes to distinguish between two very 
closely related sequences (Maniatis. T. f et aL (1982) Cold Spring Harbor Publication). The design of DNA 

25 probes can be optimized if the DNA sequences targetted have maximum differences from those of other 
organisms and if a comprehensive data bank of DNA sequences in the region under study is available. 

The DNA sequence of a segment of the genome of an organism can be obtained by isolating the DNA 
segment using a variety of techniques which are widely used by those that employ recombinant DNA 
methods (see Maniatis. T., et aL supra . More recently methods of amplification of the region of interest 

30 using methods such as the Polymerase Chain Reaction (PCR) (Saiki et aL (1985) Science 230 1350-1354) 
have been described. 

The PCR technique requires two oligonucleotide primers that flank the DNA segment to be amplified. 
Repeated cycles of heat denaturation of the DNA. annealing of the primers to their complementary DNA 
sequences at a lower temperature, followed, by extension of the annealed primer with a DNA polymerase. 

35 which may be thermostable, in the presence of the four deoxyribonucleotides gives rise to specific DNA 
sequences in sufficient quantities to be manipulated further. 

In one use of the PCR method Chen, K., et aL (FEMS Microbiology Letters (1989) 57. 19-24) amplified 
E. coli using primers derived from the regions of the 16S rRNA gene which tend to be conserved in a 
variety of organisms examined. A similar approach has been used by Medlin. L. et aL Gene (1988) 71^, 191- 

40 499) who amplified eucaryotic rRNA coding regions for a phylogenetic study. 

The choice of a target sequence for a probe currently involves a) the identification of an area of 
sufficient inter-species diversity or variation that will allow for the provision of a specific probe and b) a 
target which is preferably present in the organism in a high number of copies. The rRNA gene products 
(16S and 23S) appear to fulfil both of these criteria and as such have been the target for many studies and. 

45 indeed, DNA probe kits directed to those regions are available commercially for some organisms. Most 
comparisons to date have been between the rRNA genes from different genera and these have highlighted 
a pattern of variable regions within the gene flanked by adjacent more conserved regions. 

We have found that when related species are compared the "variable" regions are occasionally very 
similar (see Example 2). if not identical. This highlights the need for a method to obtain sequence data from 

so a catalogue of organisms to allow one to select the correct probe sequence and the appropriate 
hybridization conditions or to identify regions of the genome of a microorganism in which greater variability 
occurs. 

It is an object of the present invention to provide a method for obtaining DNA sequences which can be 
used to provide a DNA data base for the choice of probe and hybridization conditions in a rapid and useful 
manner. 
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It is a further object of the present invention to identify new target areas that contain a high degree of 
diversity between organisms and to generate highly specific DNA probes thereto in a variety of organisms 
of interest to the clinician, veterinary practitioner, the food technologist and the environmentalist. 

Accordingly, the invention provides a method for generating a DNA probe specific for an organism to be 

s identified and capable of distinguishing between genera and species in a non-empirical manner, said 
method comprising amplifying, using a pair of oligonucleotide primers, a variable region of the genome of a 
number of phylogenetically related organisms to. or of a number of organisms suspected of being present 
in a given sample containing, said organism to be identified and having said variable region in its genome, 
at least one of said primers corresponding to a DNA sequence known or suspected of being conserved in 

10 said organisms, determining the sequence of the amplified region, selecting said sequence or a portion 
thereof to generate said probe specific for said organism to be identified by comparison with said other 
amplified regions and defining the hybridization conditions required to obtain a specific signal based on the 
precise nucleotide sequence of the selected probe. 

The method in accordance with the invention enables one to generate DNA probes which can 

75 discriminate between very closely related organisms. Thus the method according to the invention can 
distinguish between organisms in which only 2 bases are different at a given gene locus as hereinafter 
described. 

The method according to the invention has universal application in the generation of DNA probes to 
variable regions of the genome of a given organism. The oligonucleotide primers may correspond to DNA 

20 sequences of conserved regions or portions thereof adjacent said variable region or portion thereof. 

The method in accordance with the invention can be used to target an unknown region of the genome 
by rapidly establishing a DNA sequence data bank for that region for a number of organisms which are 
likely to be present in a sample and by deriving a DNA probe fragment which will identify the organism of 
interest under hybridization conditions determined by the sequence of the probe and the extent to which it 

25 differs from the other organisms. The method according to the invention represents a significant improve- 
ment over existing methods for identifying sequences useful as DNA probes. 

Because of the inadequacies in some cases of the 16S rRNA gene as a locus for DNA probing we have 
availed of the universality of the method in accordance with the invention to analyse other genomic regions 
for their ability to provide informative targets for DNA probes. We have searched in the first instance for 

30 regions that are least likely to be conserved. This consideration led us to focus attention on those regions of 
the genome which are intergenic, viz. spacers between functional genes as there should be minimal 
evolutionary pressure to conserve there regions. 

Previous authors have published data on the intergenic region between the 16S and the 23S rRNA for 
E. coli (Brosius et al. J. Mol. Biol. 148 107-127 (1981)), Streptomyces Hvidans and Mycobacterium bovis 

35 BCGlSuzuki etUL J. Bact. 170 2888-2889 (1988)) and Bacillus subtilis (Green et aL Gene 37. 261-266 
(1985)). Examination of these sequences by us has shown that there is a great variation between these 
unrelated genera. 

In one aspect of the invention the variable region is a variable intergenic region and the primers 
correspond to conserved regions or portions thereof flanking said intergenic region. Thus as an example 
40 one of the primers may correspond to a conserved region of the 16S rRNA gene and the other primer may 
correspond to a conserved region of the 23S rRNA gene. 

Alternatively, one of the primers may correspond to the conserved 3 end of the 16S rRNA gene and 
the other primer may correspond to the conserved 5' end of the 23S rRNA gene. 

The primers can be derived from the available sequence data for 16S and 23S genes. When such 
45 primers are amplified in accordance with the invention using the PCR technique the amplified (intergenic) 
region can. in some situations, vary in size, such is the diversity between species, as hereinafter described. 

By DNA sequencing such amplified regions additional detailed information on panels of microganisms 
has been obtained which has allowed DNA probes to be prepared which can distinguish between closely 
related organisms. 

so Although the intergenic region between the 16S and 23S genes is the target used in Example 1 other 
intergenic regions which are bounded by known sequences of functional genes can also be used as targets 
for DNA probes in accordance with the invention. 

In the method according to the invention a conserved region of known sequence from another organism 
such as E. coli may be used to generate each said primer. A best fit sequence may be derived from known 
55 sequences from a number of organisms to generate each primer. 

The amplification is preferably carried out by the PCR technique. The polymerase used is preferably a 
thermostable polymerase such as Thermus aquaticus (Taq) enzyme. It will be appreciated that zones of the 
genome of an organism which have been identified as target sequences for DNA probes in accordance with 
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the invention may be isolated using methods other than PCR amplification. 

Following amplification and prior to sequencing, the amplified nucleotide sequence may be ligated to a 

suitable vector followed by transformation of a suitable host organism with said vector. One thereby ensures 

a more readily available supply of the amplified sequence. 
5 Alternatively, following amplification, the amplified sequence or a portion thereof may be chemically 

synthesized for use as a nucleotide probe. In either situation the DNA sequence of the variable region is 

established using methods such as the dideoxy method (Sanger, F. et aL Proc. Natl. Acad. Sci (1977) 74, 

5463-5467). The sequence obtained is used to guide the choice of the probe for the organism and the most 

appropriate sequence(s) is/are selected. 
w We have determined that the DNA used for amplification may come from autoclaved samples. This is a 

particularly useful demonstration as it allows for ready preservation of samples and greater safety for 

laboratory workers. 

The target organism is suitably a microorganism. For example, the organism may be selected from a 
species of Aeromonas, Bacillus, Clostridium, Enterococcus, Eschericia, Klebsiella, Mycobacterium. 

15 Pseudomonas, Salmonella Serratia, Staphylococcus or Streptococcus . Specific microbial species within 
these species include Aeromonas caviae, Aeromonas hydrophila. Aeromonas media, Aeromonas saj- 
monicida, Aeromonas sobria, Bacillus subtilis, Clostridium butyricum, Clostridium difficile, Clostridium 
pasteurianum. Clostridium perfringens, Clostridium tyrobutyricum, Eschericia coli, Enterococcus faecalis, 
Klebsiella pneumoniae, Mycobacterium avium, Mycobacterium bovis, Mycobacterium tuberculosis, 

20 Pseudomonas aeroglnosa, Pseudomonas fluorescens, Salmonella typhimurium, Serratia mercescans. 
Staphylococcus aureus and Streptococcus pyogenes . 

The invention also provides specific probes obtainable by the preceding method. 
The variable region targetted in accordance with the invention may be the V2 or V6 region of the gene 
coding for 16S rRNA. The V2 and V6 regions are two well characterised variable regions where frequently 

25 the greatest 'homology differences between species are observed. Using the V2 and V6 regions in 
accordance with the method of the invention two different probes can be generated for an organism of 
interest. 

The invention provides a variety of probes for variable intergenic regions intermediate the genes coding 
for 16S rRNA and 23S rRNA and derived from the following sequences or sequences complementary 
30 thereto: 

Clostridium difficile - 

AGAGAACCTGCCGTTGAATCACCTCCTTTCTAAGGA6AATAGAMGAAGAAAATTCTTT CTAAAGGCT- 
GAATTCTCTGTTTAATTTTGAGAGACCATTCTCTCAAAATTGAAACTTCT AATAAAATTGGGAAGTAGCT- 
GATCATCACCAAATCGTAAATTTTGGATGCCTAGCTACG TTCTTTGAAAATTGCACAGTGAATAAAG- 
35 TAAAGCTAAAGGTATATAAAAATCCTTTGTA AGAATCAATTTAAGGTCAAGCTACAAAGGGCGCAT 
Clostridium pasteurianum - 

AGAGAACCTGCCGGCTGGATCACCTCCTTTCTAAGGAGTAATTGTAGCAGGATAACTGT TGTATACATTG- 
GTTTCTTACTCTTGTCTCTGTTTAATTTTGAGAGATCAGTTCTCTTAA GATGTACTTTGAAAATTG- 
CATAGAGAAACAAAGTAAAGTAAAAAATAATCCTTTGATAA TATGATTTTAATCGAAAAGATTGAAAT- 
40 TAAACAATAAAGACTAAACTCTAAAACGGGCT AACGCCTAAAAGAGTAACAAGGTCAAGCTACAAAGGGC- 
GCAT 

Clostridium perfringens - 

AGGAGAACTGCGGCTGGATCACCTCCTTTCTAAGGAATACATCTTAGGACAACTAAGAT GATAATGAAT- 
TCTGGATMTATCTCTGTTTAATTTTGAGAGACTATCTCTCAAAATTGT TCTTTGAAAATTGCACATAATT- 

45 TAATTTATAGAAACAACAAGCCAAATTGGCAAAACCA ATTTCTATTCTTTGTAAAATGAGAACTATAAC- 
TAATATAGGTCAAGCTACAAAGGGCGC AT 

Mycobacterium avium - 
ACCGGAGGTGGGGCTGATCACCTCCTATTCTAAGAGCACCACAAAACGACCCCGAACTG 
GTGGGGTCGGGAGCCAGTAGGGGTTCCCGTCTAGTGACGGGGGCCGGGTGCGCAACAGA AATGATTGC- 

50 CAGACACACTATTGGGCCCTGAGACAACACTCGGTCCGTCCGTGTGGAGT CCCTCCATCTTGGTGGTGG- 
GGTGTGGTGTTTGTATTGGGATAGTGGTTGCGATGATCTA GGTGAGCGCATGGTCTTCGTGGCCGGCCG- 
TTGATCGAAATGGGTAATTTCTTTTTTAAC TCTTGTGTGTAAGTAAGTGTTTAAGGGGGGAT 
Mycobacterium bovis - 

ACCGGAAAGGTCCGTGCGTGAAATTTAACCTTCCTTCCCTTTTCTAAGGAGCACCACGA AAACGCCC- 
55 CAACTGGTGGGCGTAGGCGTGAGGGGTTCTTGTCTGTAGTGGGCGAGACGG GGTGCATGACAACAAAG- 
TTGCCACCAACACACTGTTGGGTCCTGAGGCAACACTCGGAC TTGTTCCAGGTGTTGTCCC- 
CACCGCCTTGGTTGGTGGGGTGTGTGTGTTTGAGAACTGG ATAGTGGTTGCGAGCATCAATGGATACGC- 
TGCCGGCTAGCGGTGGCGTGTTCTTTGTGC 
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MTATTCTTTGQTTTTTGTTGTGTTTGTAAGTGTCTAAAGGGCGCAT 

Mycobacterium tuberculosis - 
ACCGGAAGTCGTCGGGATCACCTCCTTTCTAAGGAGCACCACGAAAACGCCCCAACTGG TGGGTCAGGC- 
GTGAGGGGTTCTTGTCTGTAGTGGGCGAGACGGGGTGCATGACAACAAA GTTGGCCACCAACACACTGT- 

5 TGGATCCTGAGGCAACACTCGGACTTGTTCCAGGTGTTG TCCCACCGCCTTGGTGGTGGGTGTGGTGTT- 
TGAGAACGTGATAGTGGTTGCGAGCATCA ATGGATACCCGTGCCGGCTAGCGGTGGCGTGTTCTTTGT- 
GCAATATCTTTGG I I M I GT TGTGTTTGTAAGTGTCTAAGGGCGCA 

The above specifically mentioned probes are just some examples of specific probes which can be 
generated in accordance with the method of the invention. 

70 To help satisfy the second requirement of DNA probes (i.e. high copy number) non-translated, 
transcribed regions have been chosen for analysis because these fulfil a functional role other than that of a 
messenger RNA which must be translated. Because of the usefulness of the intragenic regions of ribosomal 
genes other intragenic regions were investigated as being appropriate targets for DNA probes. 

To allow us to define probes which can distinguish between related genera and species we have used 

75 the integrated method of the invention to rapidly define DNA probes for closely related organisms (see 
Example 2). In one demonstration of the method in which the intragenic region of the 16S rRNA was 
targeted we define a probe/hybridization conditions couple in which sequences differing only by 2 bases are 
distinguished. 

To demonstrate the general usefulness of the method we have used available DNA sequences from E. 
20 coli to provide primers for a wide range of Gram positive. Gram negative, aerobic and anaerobic organisms. 
Although the variable regions of the gene coding for 16S rRNA have been the basis of species-specific 
probes, the use of the constant regions as primers for PCR in accordance with the invention allows one to 
rapidly isolate that part of the gene coding for 16S rRNA from species on which no sequence or 
hybridization analysis has been performed. The subsequent DNA sequencing of the amplified region yields 
25 information on the variable part of the organism under study and this can be used as a DNA probe in 
subsequent experiments under defined conditions. 

The invention provides a variety of probes for the V2 variable region of the gene coding for 16S rRNA 
and derived from the following nucleotide sequences or sequences complementary thereto: 
Aeromonas hydrophila - 

30 GCTCAGATTGAACGCTGTCGGCAGGCCTAACACATGCAAGTCGAGCGGCAGCGGGAAAG TAGCTTGC- 
TATTTTGGGCGAGGCG 
Aeromonas media - 

GCTCAGATTGAACGCTGGCGGCAGGGCCTAACACATGCAAGTCGAGCGGCAGACGGGAA AGTAGCTTG- 
CATACTTTTCCGGCGGAGCG 
as Aeromonas salmonicida - 

GCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGCAGCGGGAAAG TAGCTTGC- 

TACTTTTGCCGGCGAGC 
Aeromonas sobria - 

GCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGCACGGGAAAGT AGCTTGCTAO 

40 TTTTGCCGGCGAGCG 

Clostridium perfringens - 

GCTCAGCATGAACGCTGGCGGCGAGCTTAACACATGCAAGTCGAGCGATGAAGTTTCTT CGGGAAATG- 

GATTAGC 

Eschericia coli — 
45 GCTCAGMTGT^CTGGCGGC 
GCTTGCTTCTTGGCTGACGAGT 

Klebsiella pneumoniae - 
GCTCAGATTGAACGCTGGCGGCATGCCTAACACATGCAAGTCGCGGTACGACACAGAGC 

TTGCTCTCGGGTGACGAGC 
so Mycobacterium bovis - 

GCTCAGGAGGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGAAAGGTCTCTT CGGAGATAC- 

TCGAG 

Pseudomonas fluorescens - 
GCTCAGATTGAACTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGTAGAGAGAAGCTT 

55 GCTTCTCTTGAGACG 

Staphylococcus aureus - 
GCTCAGGATGAACTCTGGCGGCGAGCCTAATACATGCAAGTCGAGCGAACGGACGAGAA 

GCTTGCTTCTCTGATGGTAGC 
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Salmonella typhimurium - 
GCTCAGATTGAACGTGGCGG CAGGCCTAACACATG CAAGTQCAACGGTAACAGGAAGCA 
GCTCGTTCGCTGACGAGC. 

The invention also provides a variety of probes for the V6 variable region of the gene coding for 16S 
rRNA and derived from the following nucleotide sequences or sequences complementary thereto: 

Aeromonas hydrophila - 
TGGCCTTGACATGTCTGGAATCCTGCAGAGATGCGGGAGTGCCTTCGGGAATCAGAACA 

Aeromonas media - 

TGGCCTTGACATCCMTGAACTTTCCAGAGATGGATTGGTGCCTTCGGGMCATTGAGA 

Aeromonas salmonicida - 
TGGCCTTGACATGTCTGGAATCCTGTAGAGATACGGGAATCA 

Aeromonas sobria - 

AGGTCTTGACATCCCGCTGCCCGCCTTAGAGATAAGGCTTTCTTCGGGGACAGCGTTG 

Clostridium perfringens - 
TACTCTTGACATCCCTTGCATTACTCTTAATCGAGGAAATCCCTTCGGGGACAAG 

Eschericia coli - 

TGGTCTTGACATCCACGGAAGTTTTCAGAGATGAGAATGTGCCTTCGGGAACCCT 

Klebsiella pneumoniae - 
TGGTCTTGACATCCAGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTGT 

Mycobacterium bovis - 
TGGGTTTGACATGCACAGGACGCGTCTAGAGATAGGCGTTCCCTTGTGGCCT 

Pseudomonas flourescens - 
AGGCCTTGACATCCAATGAACTTTCTAGAGATAGATTGGTGCTTCGGGAACATT 

Staphylococcus aureus - 
AAATCTTGACATCCTTTGACAACTCTAGAGATAGAGCCTTCCCCTTCGGGACAAA 

Salmonella typhimurium - 
TGGTCTTGACATCCACAGAACTTTCCAGAGATCGATTGGTGCTTCGGGAACTGT 

The above specifically mentioned probes are some further examples of specific probes which can be 
generated in accordance with the method of the invention. 

The data provided hereafter in Example 2 and above were based on sequences in the intragenic region 
of the 16S rRNA gene. Other RNA molecules that have a functional role other than that of a template for 
translation should also be useful as target sites for the generation of specific probes against RNAs which 
are present in high copy numbers. An example of such a transcribed but optionally translated gene region 
is the ribonuclease P component RNA (M1). A study of the published data (Bryan. D. James el ah (1988) 
Cell 52, 19-26) showed that there are variable regions within this RNA. We have demonstrated (Example 3) 
that effective primers can be prepared from the available data that will allow amplification of these variable 
regions. Using the methodology according to the invention one can derive a panel of DNA sequences of the 
amplified region and. using the method herein specified in accordance with the invention, develop DNA 
probes based on a comparison of the DNA sequences obtained. 

The present invention enables the variable regions, be they intergenic or intragenic, to be analysed and 
to provide a DNA probe which will hybridize specifically under selected conditions to the chosen DNA. 

Inherent in the method according to the invention is the selection of hybridization conditions appropriate 
for any given probe in a non-empirical manner. The hybridization conditions are selected on the basis of the 
precise nucleotide sequence of the probe which can be determined in a manner known per se for stable 
hybridization, so as to distinguish the sequence selected from that of closely related species as hereinafter 
further described in the Examples. The biochemicaJ and physical parameters selected for optimal hybridiza- 
tion in any given situation are based on the ratio of A:T to G:C pairings involved in hybridization and 
modifying principally the temperature and salt concentration of the hybridization medium accordingly. 
Determination of the optimal hybridization conditions involves comparison of the amplified sequence with 
closely related sequences in an available or freshly created data bank, the latter having been created by the 
determination of previously unknown sequences in accordance with the invention. Thus the method 
according to the invention has both increased sensitivity due to the determination of optimal and controlled 
hybridization conditions and specificity due to the generation of species-specific probes appropriate to any 
region of the genome of an organism. 

The method according to the invention provides for the generation of DNA probes for the detection of a 
variety of species of organisms and probes which can detect many members of given genera. The present 
invention provides a more general demonstration of target sites in organisms and thus represents an 
improvement on current targets for DNA probes and a logical and data based selection of DNA probe 
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sequences and the conditions of hybridization under which they should be used. 

The probes obtained in accordance with the method of the invention may be used for the detection 
and/or determination of an organism containing or suspected of containing a target nucleotide sequence by 
contacting said organism with said probe having a sequence complementary to said target sequence. 
5 The applications of the above probes will be of benefit in a variety of situations. The probe for 
Mycobacterium bovis , for example, will provide a non-subjective test for the presence of this organism in 
cattle (or other species). Currently bovine T.B. is a disease of major economic importance in some 
European countries and in very many developing countries. The description of a probe for Mycobacterium 
tuberculosis will allow the detection of this fastidious organism in humans (currently it is undetected by 
io standard microbiological procedures in 50% of clinically positive cases) and this is of growing importance 
as it occurs in about 20% of persons suffering from full-blown AJDS. 

The probe for Aeromonas salmonicida will allow the detection in the environment or in fish of this 
pathogen which causes furunculosis with major economic losses in the salmon farming industry. The 
closely related organism Aeromonas hydrophila for which a probe is also described may cause diarrhoea 
75 and gastroenteritis if present in food. Finally, as further examples inter alia of the usefulness of these 
probes, the sequences provided for various Clostridia will be of benefit in clinical analyses (e.g. Clostridium 
difficile) or the food industry. 

The invention further provides a method of detecting a specific organism in a mixture of organisms, 
which method comprises determining the sequences of two selected nucleotide regions of said specific 
20 organism, at least one of said sequences being from a variable region of said organism, by a sequence of 
steps set forth in the method hereinbefore specified, and using said sequenced regions to generate a pair 
of primers to selectively amplify a specific nucleotide region of said organism and thereby detect said 
specific organism. The organism is suitably any one of those specifically hereinbefore mentioned. 

It will be appreciated that the above method may comprise determining the sequences of two selected 
25 variable regions of a gene of the organism and using said sequenced variable regions to generate a pair of 
primers to selectively amplify a specific variable region of said gene and. thereby, generate a species- 
specific probe for said specific organism or, alternatively, to detect the product of amplification. 

Accordingly, one can, for example, derive DNA sequences from the most variable region of the variable 
part of the rRNA gene. When two of these variable regions are obtained they can serve as very specific 
30 primers for the particular organism of interest. It will be appreciated the primers thus produced are 
equivalent to probes as hereinbefore described. 

Alternatively, a combination of one species-specific primer as hereinbefore described and a constant or 
conserved region primer can be used in combination to specifically amplify the species of interest. 

The selective amplification of the species of interest in the manner described above can further be 
35 confirmed by the use of a probe specific for the species. For example, in the case of the following specific 
organisms Aeromonas salmonicida, Aeromonas hydrophila, Clostridium difficile. Clostridium perfringens. 
Staphylococcus aureus. Klebsiella" pneumoniae. Pseudomonas fluorescens. Mycobacterium bovis and 
Salmonella typhimurium probes for the V2/V6 can be readily identified by comparing the sequences for the 
relevant variable region given in Table 3a or Table 3b. 

It will be appreciated that the methods according to the invention may be 'one-tube* methods involving 
minimal equipment and fewer manipulations than heretofore. Accordingly, the invention further provides any 
method hereinbefore specified wherein DNA preparation and amplification are carried out in a single tube. 

The methods in accordance with the invention have application in animal, plant and microbial 
organisms. It will be appreciated that the probes prepared in accordance with the invention can be used as 
biosensors for a variety of applications. 
In the accompanying drawings: 
Fig. 1 is a photograph of an agarose gel amplified 16S-23S intergenic regions for Clostridium species 
prepared in Example 1 ; 

Fig. 2 is a photograph of an autoradiogram of hybridization of a DNA probe for the 16S-23S 
intergenic region of Mycobacterium bovis to Mycobacterium bovis and Mycobacterium avium DNA; 

Fig. 3 is a photograph of an agarose gel of amplified 16S rRNA regions from a panel of organisms as 
prepared in Example 2; 

Fig. 4 is a photograph of an autoradiogram of hybridization of a DNA probe for 16S rRNA intragenic 
regions of Aeromonas salmonicida to a panel of organisms; and 

Fig. 5 is a photograph of an agarose gel of amplified ribonuclease P regions from a panel of 
organisms as prepared in Example 3. 

The invention will be further illustrated by the following Examples. 
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EXAMPLE 1 



General Procedure for the Isolation and PCR Amplification of DNA from Microorganisms: Illustration of 
Method applied to Intergenic Regions ~~ 

50 ul (KP-IO 6 bacteria) of a fresh culture were pelleted by centrifugation at 10.000 r.p.m. for 1 min. in a 
bench top centrifuge and the supernatant discarded. The bacterial cultures were obtained from various 
laboratories in the Department of Microbiology. University College Galway. Ireland, University College 
Hospital, Galway. Ireland and the Veterinary College. University College Dublin. Ireland. The pellet was then 
resuspended in 25 ul of water. The sample was heated to 95° C for 10 min. in a 750 ul Eppendorf tube, 
centrifuged briefly to remove condensation from the lid of the tube and then incubated in the presence of 
proteinase K (at a concentration of 50 ug/ml) at 55* C for 15 min. Proteinase K was then denatured at 95* C 
for 15 min. Condensation was again removed from the Eppendorf lid by a brief centrifugation and DNase 
free RNase A (Sigma) was added to a final concentration of 10 ug/ml and allowed to incubate for 15 min. at 
37* C to denature RNA. These incubations and reactions were carried out using a Perkin-Elmer-Cetus 
Therm o-cycter. 

After RNA digestion, a 2 x PCR reaction buffer (cocktail) (100mm KCI, 20mm Tris. pH 8.3. 3mm MgCfe. 
0.2% gelatin. 400 urn dNTP. an appropriate concentration of primers (=500 pmol of each for a 20 mer), and 
2.5 units of Taq polymerase were added and 30 PCR cycles, in a final volume of 50 ul. were then carried 
out Typically, a PCR cycle consists of DNA heat denaturation at 94* C for 1 min.. annealing of primers at 
37* C-55* C for 2 min. and an extension reaction period at 72° C for 1-3 min. The samples were allowed to 
cool to room temperature gradually and 1/10 (5 ul) of the reaction were analysed by gel electrophoresis on 
a 4% Nu-Sieve (Nu-Sieve is a Trade Mark) agarose mini-gel to determine the success of amplification (see 
Figs. 1.3 and 5). 

Alternative methods using a combination of proteinase K, detergents, phenol extraction and ethanol 
precipitation can also be used successfully for the preparation of the DNA. 

20-Mer oligonucleotide primers which come from the 3' end of the 16S rRNA gene and the 5' end of 
the 23S rRNA gene were synthesized on an Applied Biosystems or Beckman (Applied Biosystems and 
Beckman are Trade Marks) oligonucleotide synthesizer. The primers thus synthesized correspond to 
conserved sequences in those abovementioned regions as defined by Clustal Analysis (Higgins et ah. 
Gene. 73 237-244 1988) of available 16S and 23S rRNA sequences. 

Thesequence of the 16S rRNA 3' primer is 

5 f 3 f 
AGTCGTAACAAGGTAGCCGT 



The sequence of the 23S rRNA 5 primer is: 



5' 3 1 
C T/G A/G C/T TGCCAA G/C GCATCCACC 



where T indicates a degenerate selection of a base at that position. 

After deblocking, purification of the oligonucleotides was carried out by elution from preparative 
polyacrylamide gels, and purified further by chromatography on NAP10 columns. 

PCR amplification with the above primers was carried out using the conditions outlined above for the 
following microorganisms: Aeromonas caviae, Aeromonas hydrophila. Aeromonas salmonicida, Aeromonas 
sobria. Bacillus subtilis. Clostridium butyricum, Clostridium difficile. Clostridium pasteurianum. Clostridium 
perfringens, Clostridium tyrobutyricum. Escherichia coli, Enterococcus faecalis. Mycobacterium avium. 
Mycobacterium bovis. Mycobacterium tuberculosis. Pseudomonas aeroginosa. Serratia mercescans. 
Staphylococcus aureus and Streptococcus pyogenes . The sizes of the amplified regions ranged from 200 to 
650 base pairs. The data for the five Clostridium species are shown in Fig. 1 in which Lanes 1-6 represent 
the following: 

Lane 1: Clostridium perfringens amplified 16S-23S rRNA intergenic regions 
Lane 2: Clostridium difficile amplified 16S-23S rRNA intergenic regions 
Lane 3: Clostridium pasteurianum amplified 16S-23S rRNA intergenic regions 
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Lane 4: Clostridium butyricum amplified 16S-23S rRNA intergenic regions 
Lane 5: Clostridium tyrobutyricum amplified 16S-23S rRNA intergenic regions 
Lane 6: pBR Hae III size markers 
The PCR amplified DNA was subcloned into the vector M13 mp II by blunt end ligation into the Smal 
5 site. The inserted DNA was sequenced by the Sanger dideoxy chain termination method. These operations 
were carried out by subjecting 50 ng of amplified DNA (approx. 20 jxi of the PCR reaction) to drop dialysis 
against a 1000-fold volume of TE buffer (10 mM Tris, pH 8. 1 mM EDTA) for 2 h. The DNA was dried in a 
Heto-Vac (Heto-Vac is a Trade Mark) dessicator and then resuspended in 10 ul of ligation buffer containing 
10 ng of Smal digested M13 Mp 11 and one unit of T4 ligase. Ligation took place at 10* C for at least 5 h. 
70 The DNA mixture was used to transform E. coli JM201. A single stranded DNA was prepared from 
recombinants for dideoxy sequencing using T7 polymerase. The DNA sequences that were obtained are set 
out above. 

A ciustal alignment of the Mycobacterium species sequences is shown in Table 1. The variable regions 
between them are indicated by a lower density of conserved bases (asterisk). Many possibilities for probe 

75 generation arise from this analysis. One fragment, 20b (which encompasses a 9b difference) underlined was 
selected (in Table 1) to demonstrate that Mycobacterium bovis can be distinguished from Mycobacterium 
avium (Mycobacterium avium is used as an indicator of non-pathogenic infections in cattle in current tests 
for bovine T.B.). When this sequence was radioactively labled by polynucleotide kinase (Amersham) in the 
presence of V^PATP and used as a probe to the amplified intergenic regions of Mycobacterium bovis and 

20 Mycobacterium avium that had been slot blotted to a Nytran (Nytran is a Trade Mark) membrane (Schleiser 
and Schuell ..). the Mycobacterium bovis was detected whereas the Mycobacterium avium was not (Fig. 2). 
in Fig. 2 "A* corresponds to Mycobacterium bovis and "B" corresponds to Mycobacterium avium . The 
conditions for hybridization were 55 C for 2 h. in 6 x SSPE. 0.1% S.D.S. and washes were twice at room 
temperature in 6 x SSC, 0.1% S.D.S. and once for 2 min. at 55* C in 6 x SSC 0.1% S.D.S. DNA sequences 

25 for Clostridium species obtained in a similar manner are shown in Table 2. Again the possibilities for DNA 
probes are obvious from the ciustal analysis. An analysis of the sequences shown in Table 2 for three 
species of Clostridium show regions in which an identical series of sequences (indicated by asterisks) 
occurs which could serve as the basis of a genus specific probe for Clostridium, if required. 

30 

EXAMPLE 2 



35 Amplification of V2 and V6 regions of microorganisms and probe generation therefrom. 

Amplification was carried out in accordance with the procedures set out in Example 1. The 20mer 
oligonucleotide primers which flank each side of the V2 (R1/R2) and V6 (U1/U2) variable regions of the 16S 
rRNA gene were selected from available data [Dams et aL Nucleic Acids Research Supplement 16 r87-r173 
40 (1988)]. 

The primers thus synthesized had the following sequences: 

5' 3' 
Rl: AATTGAAGAGTTTGATCATG 

5' 3' 
R2: ACATTACTCACCCGTCCGCC 

50 5' 3« 

01: GCAACGGCGAAGAACCTTAC 



02 : GACAGCCATGCAGCACCTGT 
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PCR amplification with R1/R2 and U1AJ2 as primers for V2 and V6. respectively, was carried out using 
the conditions outlined above for the following microorganisms: Aeromonas salmonicida, Clostridium 
difficile, Klebsiella pneumoniae, Mycobacterium bovis, Pseudomonas fluorescens, Salmonella typhimurium 
and StaphylococcuFaureus . R1/R2 amplification of these species gave rise to approximately 120 base pair 
5 fragments in all cases analysed. U1/U2 primer amplification gave rise to an approximately 100 base pair 
. fragment. Fig. 3 depicts the results obtained for R1/R2 primer V2 amplification and U1/U2 primer V6 
amplification in which the lanes 1-16 represent the following: 
Lane 1: pBR Hae III size markers. 
Lane 2: Aeromonas salmonicida V2 amplification. 
70 Lane 3: Aeromonas salmonicida V6 amplification. 

Lane 4: Clostridium difficile V2 amplification. 
Lane 5: Clostridium difficile V6 amplification. 
Lane 6: Klebsiella penumoniae V2 amplification. 
Lane 7: Klebsiella pneumoniae V6 amplification. 
75 Lane 8: Mycobacterium bovis~ V2 amplification. 

Lane 9: Mycobacterium bovis V6 amplification. 
Lane 10: Pseudomonas fluorescens V2 amplification. 
Lane 1 1 : Pseudomonas fluorescens V6 amplification. 
Lane 12: Salmonella typhimurium V2 amplification. 
20 Lane 1 3: Salmonella typhimurium V6 amplification. 

Lane 1 4: Staphylococcus aureus V2 amplification. 
Lane 15: Staphylococcus aureus V6 amplification. 
Lane 16: pBR Hae III size markers. 
The amplified bands indicate that the constant region primers are effective for Gram positive. Gram 
25 negative, aerobic and anaerobic organisms. 

DNA sequences were obtained as described in Example 1. Examples of some of the DNA sequences 
obtained for both the V2 and V6 region are shown in Tables 3a and 3b. The sequences for the organisms 
other than E coli were obtained using the methods herein described in accordance with the invention. The 
regions whlctTcbrrespond to the universal primers are boxed. The variable regions between them are 
30 indicated by a lower density of conserved bases (asterisk). A DNA probe specific for Aeromonas salmonicida 
selected on the basis of this analysis is indicated by a dashed line (Table 3b). This V6 probe sequence 
successfully distinguished Aeromonas salmonicida from E. coli. Salmonella typhimurium, Clostridium 
difficile, Aeromonas hydrophila, Aeromonas media and Aeromonas caviae. when these cultures were 
amplified using primers for the constant regions flanking V6 Jsee Fig. 4). It will be noted that the 
35 hybridization conditions used (hybridization was carried out at 57° C for 2 h. in 6 x SSPE. 0.1% SDS with 
the most stringent wash at 60* C for 30 min. in 2 x SSC) permitted the probe to distinguish between A. 
salmonicida and A. hydrophila, in which there is only a 2-base pair difference. 
In Fig. 4 Lanes 1-7 represent the following: 
Lane 1: Aeromonas salmonicida 
40 Lane 2: Aeromonas hydrophila 

Lane 3: Aeromonas media 
Lane 4: Aeromonas caviae 
Lane 5: Escherichia coli 
Lane 6: Salmonella typhimurium 
45 Lane 7: Clostridium difficile 



EXAMPLE 3 

50 

Amplification of Variable Intragenic Regions of Ribonuciease P RNA Gene 

Using the methods described in Examples 1 and 2. DNA primers selected as conserved from an 
55 analysis of published data (Bryan. D. James et aL (1988) supra) which flank the variable intragenic regions 
of ribonuciease P were synthesized. The sequences of the primers are: 
synthesized. The sequences of the primers are: 
A 17-mer oligonucleotide 
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5' 3' 
G A/T C/T C A/G G A/G C/T A A/G TCGC T/C GC 

5 and 

a 19-mer oligonucleotide 

10 C/T C G/T ATAAGCC G/A G/T GTT T/C TGT 

These were used to amplify the corresponding intragenic regions in Aeromonas saimonicida, 
Clostridium difficile, Clostridium pasteurianum, Escherchia coli, Enterococcus faecalis and Serratia mer- 
'5 cescans. The result (shown in Rg. 5) shows that both Gram positive. Gram negative, anaerobic and aerobic 
organisms can be amplified using these primers. In Rg. 5 Lanes b-h represent the following: 
Lane b: Escherchia coli 
Lane c: Enterococcus faecalis 
Lane d: Serratia mercescans 
20 Lane e: Aeromonas saimonicida 

Lane f: Clostridium pasteurianum 
Lane g: Clostridium difficile 
Lane h: 1kb ladder size marker. 
The arrow indicates Ribonuclease P amplified DNA. 

25 



30 



40 
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Claims 

5 

1. A method for generating a DNA probe specific for an organism to be identified and capable of 
distinguishing between genera and species in a non-empirical manner, said method comprising amplifying, 
using a pair of oligonucleotide primers, a variable region of the genome of a number of phylogenetically 
related organisms to. or of a number of organisms suspected of being present in a given sample containing, 

70 said organism to be identified and having said variable region in its genome, at least one of said primers 
corresponding to a DNA sequence known or suspected of being conserved in said organisms, determining 
the sequence of the amplified region, selecting said sequence or a portion thereof to generate said probe 
specific for said organism to be identified by comparison with said other amplified regions and defining the 
hybridization conditions required to obtain a specific signal based on the precise nucleotide sequence of the 

75 selected probe. 

2. A method according to Claim 1 , wherein the variable region is a variable intergenic region and said 
primers correspond to conserved regions or portions thereof flanking said intergenic region. 

3. A method according to Claim 2. wherein one of said primers corresponds to a conserved region of 
the 16S rRNA gene and the other said primer corresponds to a conserved region of the 23S rRNA gene. 

20 4. A method according to Claim 1 , wherein the primer sequences are derived from the ribonuclease P 
component RNA. 

5. A method according to Claim 1. wherein the variable region is the V2 or V6 region of the gene 
coding for 16S rRNA. 

6. A method according to any preceding claim, wherein the variable region amplified is derived from an 
25 autoclaved sample containing the organism to be identified. 

7. A method according to any preceding claim, wherein the microorganism is selected from a species 
of Aeromonas, Bacillus. Clostridium, Enterococcus, Eschericia, Klebsiella, Mycobacterium, Pseudomonas, 
Salmonella Serratia, Staphylococcus or Streptococcus. 

8. A DNA probe for Clostridium difficile obtained from a variable intergenic region intermediate the 
30 genes coding for 16S rRNA and 23S rRNA and derived from the following nucleotide sequence or a 

sequence complementary thereto: 

AGAGAACCTGCCGTTGAATCACCTCCTTTCTAAGGAGAATAGAAAGAAGAAAATTCTTT CTAAAGGCT- 
G AATTCTCT GTTTMTTTTG AGAGACCATTCTCTC AAAATTG AAACTTCT AATAAAATTGGGAAGTAGCT- 
GATCATCACCAAATCGTAAATTTTGGATGCCTAGCTACG TTCTTTGAAAATTG C AC AGTGAATAAAG- 

35 TAAAGCTAAAGGTATATAAAAATCCTTTGTA AGAATCAATTTAAGGTCAAGCTACAAAGGGCGCAT 

9. A DNA probe for Clostridium pasteurianum obtained from a variable intergenic region intermediate 
the genes coding for 16S rRNA and 23S rRNA and derived from the following nucleotide sequence or a 
sequence complementary thereto: 

AG^GAACCTGCCGGCTGGATCACCTCCTTTCTAAGGAGTAATTGTAGCAGGATAACTGT TGTATACATTG- 
40 GTTTCTTACTCTTGTCTCTGTTTAATTTTGAGAGATCAGTTCTCTTAA GATGTACTTTGAAAATTG- 
CATAGAGAAACAAAGTAAAGTAAAAAATAATCCTTTGATAA TATGATTTTAATCGAAAAGATTGAAAT- 
TAAACAATAAAGACTAAACTCTAAAACGGGCT AACGCCTAAAAGAGTAACAAGGTCAAGCTACAAAGGGC- 
GCAT 

10. A DNA probe for Clostridium perfringens obtained from a variable intergenic region intermediate the 
45 genes coding for 16S rRNA and 23S rRNA and derived from the following nucleotide sequence or a 

sequence complementary thereto: 

AGGAGAACTGCGGCTGGATCACCTCCTTTCTAAGGAATACATCTTAGGACAACTAAGAT GATAATGAAT- 
TCTGGATMTATCTCTGTTTMTTTTGAGAGACTATCTCTCAAAATTGT TCTTTGAAAATTGCACATAATT- 
TAATTTATAGAAACAACAAGCCAAATTGGCAAAACCA ATTTCTATTCTTTGTAAAATGAGAACTATAAO 
50 TAATATAGGTCAAGCTACAAAGGGCGC AT 

11. A DNA probe for Mycobacterium avium obtained from a variable intergenic region intermediate the 
genes coding for 16S rRNA and 23S rRNA and derived from the following nucleotide sequence or a 
sequence complementary thereto: 

ACCGGAGGTGGGGCTGATCACCTCCTATTCTAAGAGCACCACAAAACGACCCCGAACTG 
55 GTGGGGTCGGGAGCCAGTAGGGGTTCCCGTCTAGTGACGGGGGCCGGGTGCGCAACAGA AATGATTGC- 
CAGACACACTATTGGGCCCTGAGACAACACTCGGTCCGTCCGTGTGGAGT CCCTCCATCTTGGTGGTGG- 
GGTGTGGTGTTTGTATTGGGATAGTGGTTGCGATGATCTA GGTGAGCGCATGGTCTTCGTGGCCGGCCG- 
TTGATCGAAATGGGTAATTTCTTTTTTAAC TCTTGTGTGTAAGTAAGTGTTTAAGGGGGGAT 
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12. A DNA probe for Mycobacterium bovis obtained from a variable intergenic region intermediate the 
genes coding for 16S rRNA and 23S rRNA and derived from the following nucleotide' sequence or a 
sequence complementary thereto: 

ACCGGAMGGTCCGTGQGTGAAATTTMCCTTCCTTCCCTTTTCTAAGQAGCACCACGA AAACGCCC- 
CAACTGGTGGGCGTAGGCGTGAGGGGTTCTTGTCTGTAGTGGGCGAGACGG GGTGCATGACAACAAAG- 
TTGCCACCAACACACTGTTGGGTCCTGAGGCAACACTCGGAC TTGTTCCAGGTGTTGTCCC- 
CACCGCCTTGGTTGGTGGGGTGTGTGTGTTTGAGAACTGG ATAGTGGTTGCGAGCATCAATGGATACGC- 
TGCCGGCTAGCGGTGGCGTGTTCTTTGTGC 
MTATTCTTTGGTTTTTGTTGTGTTTGTAAGTGTCTAAAGGGCGCAT 

13. A DNA probe for Mycobacterium tuberculosis obtained from a variable intergenic region intermedi- 
ate the genes coding for 16S rRNA and 23S rRNA and derived from the following nucleotide sequence or a 
sequence complementary thereto: 

ACCGGAAGTCGTCGGGATCACCTCCTTTCTAAGGAGCACCACGAAAACGCCCCAACTGG TGGGTCAGGO 
GTGAGGGGTTCTTGTCTGTAGTGGGCGAGACGGGGTGCATGACAACAAA GTTGGCCACCAACACACTGT- 
TGGATCCTGAGGCAACACTCGGACTTGTTCCAGGTGTTG TCCCACCGCCTTGGTGGTGGGTGTGGTGTT- 
TGAGAACGTGATAGTGGTTGCGAGCATCA ATGGATACCCGTGCCGGCTAGCGGT6GCGTGTTCTTTGT- 
GCAATATCTTTGG I I I MGT TGTGTTTGTAAGTGTCTAAGGGCGCA 

14. A DNA probe for Aeromonas hydrophila obtained from the V2 variable region of the gene coding for 
16S rRNA and derived from the following nucleotide sequence or a sequence complementary thereto: 
GCTCAGATTGAACGCTGTCGGCAGGCCTAACACATGCAAGTCGAGCGGCAGCGGGAAAG TAGCTTGC- 
TATTTTGGGCGAGGCG 

15. A DNA probe for Aeromonas salmonicida obtained from the V2 variable region of the gene coding 
for 16S rRNA and derived from one of the following two nucleotide sequence or a sequence complementary 
thereto: 

GCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGCAGCGGGAAAG TAGCTTGC- 
TACTTTTGCCGGCGAGC 

16. A DNA probe for Clostridium perfringens obtained from the V2 variable region of the gene coding 
for 16S rRNA and derived from the following nucleotide sequence or a sequence complementary thereto: 
GCTCAGCATG^CGCTGGCGGCGAGCTTAACACATGCAAGTCGAGCGATGAAGTTTCTT CGGGAAATG- 

GATTAGC 

17. A DNA probe for Klebsiella pneumoniae obtained from the V2 variable region of the gene coding for 
16S rRNA and derived from the following nucleotide sequence or a sequence complementary thereto: 
GCTCAGATTGAACGCTGGCGGCATGCCTAACACATGCAAGTCGCGGTACGACACAGAGC 
TTGCTCTCGGGTGACGAGC 

18. A DNA probe for Mycobacterium bovis obtained from the V2 variable region of the gene coding for 
16S rRNA and derived from the following nucleotide sequence or a sequence complementary thereto: 
GCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGAAAGGTCTCTT CGGAGATAC- 

TCGAG 

19. A DNA probe for Staphylococcus aureus obtained from the V2 variable region of the gene coding 
for 16S rRNA and derived from the following nucleotide sequence or a sequence complementary thereto: 
GCTCAGGATGAACTCTGGCGGCGAGCCTAATACATGCAAGTCGAGCGAACGGACGAGAA 

GCTTGCTTCTCTGATGGTAGC 

20. A DNA probe for Salmonella typhimurium obtained from the V2 variable region of the gene coding 
for 16S rRNA and derived from the following nucleotide sequence or a sequence complementary thereto: 
GCTCAGATTGAACGTGGCGGCAGGCCTAACACATGCAAGTGCAACGGTAACAGGAAGCA 

GCTCGTTCGCTGACGAGC 

21 . A DNA probe for Aeromonas hydrophila obtained from the V6 variable region of the gene coding for 
16S rRNA and derived from the following nucleotide sequence or a sequence complementary thereto: 
TGGCCTTGACATGTCTGGAATCCTGCAGAGATGCGGGAGTGCCTTCGGGAATCAGAACA 

22. A DNA probe for Aeromonas salmonicida obtained from the V6 variable region of the gene coding 
for 16S rRNA and derived from the following nucleotide sequence or a sequence complementary thereto: 
TGGCCTTGACATGTCTGGAATCCTGTAGAGATACGGGAATCA 

23. A DNA probe for Clostridium perfringens obtained from the V6 variable region of the gene coding 
for 16S rRNA and derived from the following nucleotide sequence or a sequence complementary thereto: 
TACTCTTGACATCCCTTGCATTACTCTTAATCGAGGAAATCCCTTCGGGGACAAG 

24. A DNA probe for Mycobacterium bovis obtained from the V6 variable region of the gene coding for 
16S rRNA and derived from the following nucleotide sequence or a sequence complementary thereto: 
TGGGTTTGACATGCACAGGACGCGTCTAGAGATAGGCGTTCCCTTGTGGCCT 
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25. A DNA probe for Staphylococcus aureus obtained from the V6 variable region of the gene coding 
for 16S rRNA and derived from the following nucleotide sequence or a sequence complementary thereto: 
AAATCTTGACATCCTTTGACAACTCTAGAGATAGAGCCTTCCCCTTCGGGACAAA 

26. A DNA probe for Salmonella typhimurium obtained from the V6 variable region of the gene coding 
for 16S rRNA and derived from the following nucleotide sequence or a sequence complementary thereto: 
TGGTCTTGACATCCACAGAACTTTCCAGAGATCGATTGGTGCTTCGGGAACTGT 

27. A method for the detection and/or determination of an organism containing or suspected of 
containing a target nucleotide sequence, which method comprises contacting said organism with a probe 
complementary to said target sequence according to any one of Claims 1-26. 

28. A method of detecting a specific organism in a mixture of organisms, which method comprises 
determining the sequences of two selected nucleotide regions of said specific organism, at least one of said 
sequences being from a variable nucleotide region of said organism, by a sequence of steps according to 
any one of Claims 1-7. and using said sequenced regions to generate a pair of primers to selectively 
amplify a specific nucleotide region of said organism and thereby detect said specific organism. 

Claims for the following Contracting State: ES 

1. A method for generating a DNA probe specific for an organism to be identified and capable of 
distinguishing between genera and species in a non-empirical manner, said method comprising amplifying, 
using a pair of oligonucleotide primers, a variable region of the genome of a number of phylogenetically 
related organisms to. or of a number of organisms suspected of being present in a given sample containing, 
said organism to be identified and having said variable region in its genome, at least one of said primers 
corresponding to a DNA sequence known or suspected of being conserved in said organisms, determining 
the sequence of the amplified region, selecting said sequence or a portion thereof to generate said probe 
specific for said organism to be identified by comparison with said other amplified regions and defining the 
hybridization conditions required to obtain a specific signal based on the precise nucleotide sequence of the 
selected probe. 

2. A method according to Claim 1. wherein the variable region is a variable intergenic region and said 
primers correspond to conserved regions or portions thereof flanking said intergenic region. 

3. A method according to Claim 2. wherein one of said primers corresponds to a conserved region of 
the 16S rRNA gene and the other said primer corresponds to a conserved region of the 23S rRNA gene. 

4. A method according to Claim 1. wherein the primer sequences are derived from the ribonuclease P 
component RNA. 

5. A method according to Claim 1. wherein the variable region is the V2 or V6 region of the gene 
coding for 16S rRNA. 

6. A method according to any preceding claim, wherein the variable region amplified is derived from an 
autoclaved sample containing the organism to be identified. 

7. A method according to any preceding claim, wherein the microorganism is selected from a species 
of Aeromonas. Bacillus. Clostridium. Enterococcus. Eschericia, Klebsiella, Mycobacterium, Pseudomonas. 
Salmonella Serratia, Staphylococcus or Streptococcus. 

8. A method according to claim 1, wherein 

a DNA probe for Clostridium difficile is obtained from a variable intergenic region intermediate the genes 
coding for 16S rRNA and 23S rRNA and is derived from the following nucleotide sequence or a sequence 
complementary thereto: 

AGAGAACCTGCCGTTGAATCACCTCCTTTCTAAGGAGAATAGAAAGAAGAAAATTCTTT CTAAAGGCT- 
GAATTCTCTGTTTMTTTTGAGAGACCATTCTCTCAAAATTGAAACTTCT AATAAAATTGGGAAGTAGCT- 
GATCATCACCAAATCGTAAATTTTGGATGCCTAGCTACG TTCTTTGAAAATTGCACAGTGAATAAAG- 
TAAAGCTAAAGGTATATAAAAATCCTTTGTA AGAATCAATTTAAGGTCAAGCTACAAAGGGCGCAT 

9. A method according to claim 1, wherein 

a DNA probe for Clostridium pasteurianum is obtained from a variable intergenic region intermediate the 
genes coding for 16S rRNA and 23S rRNA and is derived from the following nucleotide sequence or a 
sequence complementary thereto: 

AGAGAACCTGCCGGCTGGATCACCTCCTTTCTAAGGAGTAATTGTAGCAGGATAACTGT TGTATACATTG- 

GTTTCTTACTCTTGTCTCTGTTTMTTTTGAGAGATCAGTTCTCTTAA GATGTACTTTGAAAATTG- 

CATAGAGAAACAAAGTAAAGTAAAAAATAATCCTTTGATAA TATGATTTTAATCGAAAAGATTGAAAT- 
TAAACAATAAAGACTAAACTCTAAAACGGGCT AACGCCTAAAAGAGTAACAAGGTCAAGCTACAAAGGGC- 
GCAT 

10. A method according to claim 1 . wherein 
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a DNA probe for Clostridium perfringens is obtained from a variable intergenic region intermediate the 
genes coding for 16S rRNA and 23S rRNA and is derived from the following nucleotide sequence or a 
sequence complementary thereto: 

AGGAGAACTGCGGCTGQATCACCTCCTTTCTAAGGAATACATCTTAGGACAACTAAGAT GATAATGAAT- 
TCTGGATAATATCTCTGTTTAATTTTGAGAGACTATCTCTCAAAATTGT TCTTTGAAAATTGCACATAATT- 
TAATTTATAGAAACAACAAGCCAAATTGGCAAAACCA ATTTCTATTCTTTGTAAAATGAGAACTATAAC- 
TAATATAGGTCAAGCTACAAAGGGCGC AT 

11. A method according to claim 1, wherein 

a DNA probe for Mycobacterium avium is obtained from a variable intergenic region intermediate the genes 
coding for 16S rRNA and 23S rRNA and is derived from the following nucleotide sequence or a sequence 
complementary thereto: 

ACCGGAGGTGGGGCTGATCACCTCCTATTCTAAGAGCACCACAAAACGACCCCGAACTG 
GTGGGGTCGGGAGCCAGTAGGGGTTCCCGTCTAGTGACGGGGGCCGGGTGCGCAACAGA AATGATTGO 
CAGACACACTATTGGGCCCTGAGACAACACTCGGTCCGTCCGTGTGGAGT CCCTCCATCTTGGTGGTGG- 
GGTGTGGTGTTTGTATTGGGATAGTGGTTGCGATGATCTA GGTGAGCGCATGGTCTTCGTGGCCGGCCG- 
TTGATCGAAATGGGTAATTTCTTTTTTAAC TCTTGTGTGTAAGTAAGTGTTTAAGGGGGGAT 

12. A method according to claim 1 ( wherein 

a DNA probe for Mycobacterium bovis is obtained from a variable intergenic region intermediate the genes 
coding for 16S rRNA and 23S rRNA and is derived from the following nucleotide sequence or a sequence 
complementary thereto: 

ACCGGAAAGGTCCGTGCGTGAAATTTAACCTTCCTTCCCTTTTCTAAGGAGCACCACGA AAACGCCC- 
CAACTGGTGGGCGTAGGCGTGAGGGGTTCTTGTCTGTAGTGGGCGAGACGG GGTGCATGACAACAAAG- 
TTGCCACCAACACACTGTTGGGTCCTGAGGCAACACTCGGAC TTGTTCCAGGTGTTGTCCC- 
CACCGCCTTGGTTGGTGGGGTGTGTGTGTTTGAGAACTGG ATAGTGGTTGCGAGCATCAATGGATACGC- 
TGCCGGCTAGCGGTGGCGTGTTCTTTGTGC 

AATATTCTTTGG I I I I I GTTGTGTTTGTAAGTGTCTAAAGGGCGCAT 

13. A method according to claim 1, wherein 

a DNA probe for Mycobacterium tuberculosis is obtained from a variable intergenic region intermediate the 
genes coding for 16S rRNA and 23S rRNA and is derived from the following nucleotide sequence or a 
sequence complementary thereto: 

ACCGGAAGTCGTCGGGATCACCTCCTTTCTAAGGAGCACCACGAAAACGCCCCAACTGG TGGGTCAGGC- 
GTGAGGGGTTCTTGTCTGTAGTGGGCGAGACGGGGTGCATGACAACAAA GTTGGCCACCAACACACTGT- 
TGGATCCTGAGGCAACACTCGGACTTGTTCCAGGTGTTG TCCCACCGCCTTGGTGGTGGGTGTGGTGTT- 
TGAGAACGTGATAGTGGTTGCGAGCATCA ATGGATACCCGTGCCGGCTAGCGGTGGCGTGTTCTTTGT- 
GCAATATCTTTGG I I I I IGT TGTGTTTGTAAGTGTCTAAGGGCGCA 

14. A method according to claim 1 , wherein 

a DNA probe for Aeromonas hydrophila is obtained from the V2 variable region of the gene coding for 16S 
rRNA and is derived from the following nucleotide sequence or a sequence complementary thereto: ■ 
GCTCAGATTGAACGCTGTCGGCAGGCCTAACACATGCAAGTCGAGCGGCAGCGGGAAAG TAGCTTGO 

TATTTTGGGCGAGGCG 

15. A method according to claim 1. wherein 

a DNA probe for Aeromonas salmonicida is obtained from the V2 variable region of the gene coding for 16S 
rRNA and is derived from one of the following two nucleotide sequence or a sequence complementary 
thereto: 

GCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGCAGCGGGAAAG TAGCTTGC- 
TACTTTTGCCGGCGAGC 

16. A method according to claim 1, wherein 

a DNA probe for Clostridium perfringens is obtained from the V2 variable region of the gene coding for 16S 
rRNA and is derived from the following nucleotide sequence or a sequence complementary thereto: 
GCTCAGCATGAACGCTGGCGGCGAGCTTAACACATGCAAGTCGAGCGATGAAGTTTCTT CGGGAAATG- 

GATTAGC 

17. A method according to claim 1, wherein 

a DNA probe for Klebsiella pneumoniae is obtained from the V2 variable region of the gene coding for 16S 
rRNA and is derived from the following nucleotide sequence or a sequence complementary thereto: 
GCTCAGATTGAACGCTGGCGGCATGCCTAACACATGCAAGTCGCGGTACGACACAGAGC 
TTGCTCTCGGGTGACGAGC 

18. A method according to claim 1. wherein a 

a DNA probe for Mycobacterium bovis is obtained from the V2 variable region of the gene coding for 16S 
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rRNA and is derived from the following nucleotide sequence or a sequence complementary thereto: 
GCTCAGGACGAACGCTGGCGGCQTGCTTAACACATGCAAGTCGAACGGAAAGGTCTCTT CGGAGATAO 
TCGAG 

19. A method according to claim 1, wherein 

5 a DNA probe for Staphylococcus aureus is obtained from the V2 variable region of the gene coding for 16S 
rRNA and is derived from the following nucleotide sequence or a sequence complementary thereto: 
GCTCAGGATGAACTCTGGCGGCGAGCCTAATACATGCAAGTCGAGCGAACGGACGAGAA 
GCTTGCTTCTCTGATGGTAGC 

20. A method according to claim 1, wherein 

io a DNA probe for Salmonella typhimurium is obtained from the V2 variable region of the gene coding for 
16S rRNA and is derived from the following nucleotide sequence or a sequence complementary thereto: 
GCTCAGATTGAACGTGGCGGCAGGCCTAACACATGCAAGTGCAACGGTAACAGGAAGCA 
GCTCGTTCGCTGACGAGC 

21. A method according to claim 1, wherein 

15 a DNA probe for Aeromonas hydrophila is obtained from the V6 variable region of the gene coding for 16S 
rRNA and is derived from the following nucleotide sequence or a sequence complementary thereto: 
TGGCCTTGACATGTCTGGAATCCTGCAGAGATGCGGGAGTGCCTTCGGGAATCAGAACA 

22. A method according to clam 1, wherein 

a DNA probe for Aeromonas salmonicida is obtained from the V6 variable region of the gene coding for 16S 
20 rRNA and is derived from the following nucleotide sequence or a sequence complementary thereto: 
TGGCCTTGACATGTCTGGAATCCTGTAGAGATACGGGAATCA 

23. A method according to claim 1, wherein 

a DNA probe for Clostridium perfringens is obtained from the V6 variable region of the gene coding for 16S 
rRNA and is derived from the following nucleotide sequence or a sequence complementary thereto: 
25 TACTCTTGACATCCCTTGCATTACTCTTAATCGAGGAAATCCCTTCGGGGACAAG 

24. A method according to claim 1, wherein 

a DNA probe for Mycobacterium bovis is obtained from the V6 variable region of the gene coding for 16S 
rRNA and is derived from the following nucleotide sequence or a sequence complementary thereto: 
TGGGTTTGACATGCACAGGACGCGTCTAGAGATAGGCGTTCCCTTGTGGCCT 
30 25. A method according to claim 1 , wherein 

a DNA probe for Staphylococcus aureus is obtained from the V6 variable region of the gene coding for 16S 
rRNA and is derived from the following nucleotide sequence or a sequence complementary thereto: 
AAATCTTGACATCCTTTGACAACTCTAGAGATAGAGCCTTCCCCTTCGGGACAAA 

26. A method according to claim 1. wherein a DNA probe for Salmonella typhimurium is obtained from 
35 the V6 variable region of the gene coding for 16S rRNA and is derived from the following nucleotide 

sequence or a sequence complementary thereto: 

TGGTCTTGACATCCACAGAACTTTCCAGAGATCGATTGGTGCTTCGGGAACTGT 

27. A method for the detection and/or determination of an organism containing or suspected of 
containing a target nucleotide sequence, which method comprises contacting said organism with a probe 

40 complementary to said target sequence according to any one of Claims 1-26. 

28. A method of detecting a specific organism in a mixture of organisms, which method comprises 
determining the sequences of two selected nucleotide regions of said specific organism, at least one of said 
sequences being from a variable nucleotide region of said organism, by a sequence of steps according to 
any one of Claims 1-7, and using said sequenced regions to generate a pair of primers to selectively 

45 amplify a specific nucleotide region of sad organism and thereby detect said specific organism. 
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